1. Introduction {#sec1}
===============

Sudden sensorineural hearing loss (SSNHL) is a frightening experience for the patient and is perceived as an otologic emergency. It has been defined as a loss of at least 30 dB over at least three frequencies in audiogram within three days([@bib62]). The incidence varies from two to 30 per 1,00,000 adult individuals. However, an incidence of as high as 160 per 1,00,000 individuals per year has been reported from Germany([@bib36]). Usually affected age group is fifth and sixth decade, although the range is quite wide. There is no apparent gender predilection. It can occur as a part of systemic disorder or without any identifiable systemic or local abnormality. The latter being termed 'idiopathic' (ISSNHL).

At the initial presentation, a diagnosis is reached at in only 10--15% of the patients. Prolonged follow up reveals the underlying etiology in up to 1/3rd of cases([@bib62]). Despite a plethora of scientific studies regarding the subject in literature, it's surprising how little the studies agree regarding etiopathogenesis, management and even outcome measures.

1.1. Natural history {#sec1.1}
--------------------

Idiopathic SSNHL has been observed to recover in 32--65% of patients spontaneously. The spontaneous recovery tends to occur within first two weeks([@bib8]; [@bib46]; [@bib51]; [@bib69]). The prospects of spontaneous recovery are minimal beyond a period of three months([@bib8]; [@bib27]; [@bib51]; [@bib70]). Majority of the patients present with unilateral hearing loss. However, up to 2--3% of the patients experience bilateral hearing loss which usually is sequential, but may occur simultaneously([@bib27]; [@bib69]). Approximately 4--8% of patients have been noted to develop Meniere's disease over the ensuing years([@bib8]; [@bib31]).

1.2. Clinical evaluation {#sec1.2}
------------------------

Differentiating conductive from sensorineural hearing loss is of utmost importance since the presentation of the two may be similar but the treatment implications are poles apart. A history of associated tinnitus, vertigo, focal neurological signs and previous history of recurring hearing loss should be specifically enquired. The local ear examination involves otoscopic inspection to look for impacted cerumen and the condition of tympanic membrane (presence of otitis media with effusion should be specifically looked for). Clinical examination is followed by a detailed audiometric evaluation with pure tone audiometry and speech audiometry.

1.3. Laboratory investigations {#sec1.3}
------------------------------

Routine laboratory blood tests including complete blood counts, coagulation profile, serum electrolytes, erythrocyte sedimentation rate are commonly performed. However, the yield is poor and routine blood profiling is not recommended as per the American academy of otorhinolaryngology and head and neck surgery (AAO-HNS) clinical practice guidelines([@bib62]). Serological tests for infectious causes should not be done routinely, but directed by clinical and epidemiological scenarios. An autoimmune workup and metabolic panel work up for diabetes, hyperlipidemia and thyroid dysfunction is reasonable to look for specific etiology and the metabolic risk factors management. Hypercholesterolemia has been reported in 35--40% of SSNHL patients and deranged blood sugars in 18--37% of patients([@bib49]; [@bib53]).

1.4. Imaging {#sec1.4}
------------

One of the most important aspect of work up for SSNHL remains ruling out a retrocochlear pathology. A vestibular schwannoma has been identifies in 1.4--6.1% of the patients presenting with SSNHL in various series([@bib10]; [@bib56]) and 10--20% of vestibular schwannomas can present with sudden drop in hearing([@bib42]) ([Fig. 1](#fig1){ref-type="fig"}). The spontaneous or post-treatment recovery of the hearing loss does not rule out an underlying mass lesion. Imaging modality of choice remains contrast-enhanced MRI (CE-MRI) of brain with specific attention to cerebello-pontine angle (CPA), internal auditory canal and the inner ear apparatus. The sensitivity and specificity of the CE-MRI for Vestibular schwannomas \>3 mm remains close to 100%([@bib19]; [@bib29]). In addition to the CPA tumors, labyrinthine hemorrhage, demyelinating diseases and stroke may be identified as potential underlying etiological element. An MRI reveals abnormal findings in 10%--57% patients of SSNHL([@bib13]).Fig. 1Pure tone audiogram (*left panel*) of a patient who presented with sudden ear blockade sensation on left side without vestibular or focal neurological deficits. A Contrast Enhanced MRI brain (*right panel*) revealed a 1.5 × 1.1 cm (*extrameatal part*) intensely enhancing schwannoma involving the left internal acoustic canal and cerebellopontine angle with typical ice-cream cone appearance.Fig. 1

If contrast administration is contraindicated (GFR\<30 ml/min; risk of nephrogenic systemic fibrosis), a constructive interference in steady state (CISS) sequence may be undertaken. The sensitivity and specificity of CISS sequences for the tumor size \>5 mm reaches close to 100%([@bib29]).

In patients with ferromagnetic implants, metallic ocular foreign body or claustrophobia, performing an MRI may not be possible. In such situations, an auditory brainstem response (ABR) can be used with a sensitivity and specificity of 85.8% and 82%, respectively, for lesions \<1 cm in size([@bib37]) (sensitivity for the larger lesions {\>1cm} reaches 95%). A stacked-ABR can give better sensitivity and specificity of 95% and 88%, respectively, for similar sized (\<1cm) tumors([@bib22]).

2. Treatment {#sec2}
============

The various routes of intracochlear drug deposition are depicted in [Fig. 2](#fig2){ref-type="fig"}([@bib52]). In view of the high rates of spontaneous recovery and lack of conclusive understanding about the underlying etiology, the relative efficacy of various treatment modalities needs to be interpreted cautiously.Fig. 2Various routes of inner ear drug delivery. (*ET-Eustachian Tube; RWM-Round Window Membrane; OW-Oval Window; RWN-Round Window Niche*).Fig. 2

2.1. Systemic corticosteroids {#sec2.1}
-----------------------------

Oral corticosteroids remain the first line of therapy for the heterogeneous population of SSNHL. Despite being used commonly, the evidence base for the efficacy of steroids remains contradictory at best. As per AAO-HNS guidelines, the physician may offer oral corticosteroids as first line therapy to the patient after discussing the limited documented evidence for their efficacy([@bib62]). The first and perhaps the best favorable evidence for the oral steroid comes from the randomized controlled trial (RCT) by Wilson and colleagues([@bib69]), comparing steroids versus placebo in a total of 67 patients. However, the results have not been replicated in other RCTs by [@bib16] and Nosrati-Zarenoe et al.([@bib51]) Serious methodological flaws have been noted in these trials. A systemic review/meta-analysis by Conlin and Parnes([@bib17], [@bib18]), and Cochrane review([@bib66]) reached the conclusion that the *value of oral steroids in ISSNHL remains unproven*.

Dose of steroids and effect of timings to start therapy remain equally contentious. A double-blinded RCT comparing 70 mg prednisolone (with 10 mg daily tapering) and 300 mg intravenous (IV) methylprednisolone pulse for three days followed by four days of placebo concluded that the pulse therapy was equally efficacious as standard oral prednisolone therapy for ISSNHL([@bib67]). Similar results were obtained in a recent RCT including 67 patients treated for 14 days (Study group: 500 mg IV methylprednisolone daily for three days followed by 1 mg/kg/day of oral prednisolone for 11 days; Control group: 1 mg/kg/day oral prednisolone for 14 days)([@bib23]). However, there is some evidence from retrospective studies regarding treatment advantage for high dose systemic steroids therapy([@bib2]; [@bib24]). Niedermeyer et al. showed that the level of cortisol in human perilymph was significantly higher after 250 mg intravenous prednisolone compared to 125 mg dose. The latter group had cortisol levels similar to the controls, who did not receive steroids([@bib50]). The German Association of Scientific Medical Societies (AWMF) guidelines advocate high dose (250 mg) intravenous steroid treatment and currently a triple-blind, multicenter national RCT (HODOKORT trial) is ongoing in Germany to compare the high dose steroid regimen with the standard doses of steroids for ISSNHL([@bib55]).

Regarding the timing of therapy in relation to the onset of symptoms, it has been a traditional practice to starts primary treatment with steroids as soon as possible (within 1--2 weeks) since the results from various studies suggest the increasing time between onset of symptoms and treatment to be an adverse prognostic factor([@bib8]; [@bib27]; [@bib47]). Rates of recovery in the patients who approached the physician and got the audiograms performed in the first week of disease onset, within two weeks and beyond three months are 87%, 52% and \<10%, respectively.([@bib8]; [@bib27]; [@bib51]; [@bib60]; [@bib70]) However, there are studies which contradict the therapeutic benefits of urgent intervention and indicate that the apparent benefits of early presentation to physician are more of 'sham effects' correlating with the natural history of the disease([@bib33]; [@bib43]; [@bib64]). The AAO-HNS guidelines suggest an early treatment with steroids within two weeks([@bib62]).

2.2. Intratympanic steroids {#sec2.2}
---------------------------

Intratympanic (IT) steroid instillation has several advantages compared to the systemic steroid treatment as listed in [Table-1](#tbl1){ref-type="table"}. The various methods of Intratympanic drug delivery are described in [Table-2](#tbl2){ref-type="table"}.Table 1Advantages of intratympanic therapy over systemic steroid treatment.Table 11Targeted drug delivery resulting in higher local concentration of the drug.2No systemic absorption resulting in nil systemic side effects.3Low risk of complications and adverse effects locally.4Avoidance of 'first pass' metabolism.5Reduced quantity of the drug required.Table 2Methods of intratympanic drug delivery.Table 21**Intratympanic (IT) injections** (performed in anteroinferior/posteroinferior quadrant with or without a second paracentesis in anterosuperior/anteroinferior quadrant to act as a vent for the middle air escape during the injection of the solution).2**Drug deposition onto absorbable material** (absorbable gelatin sponge, Poly Lactic-co-Glycolic acid implants[a](#tbl2fna){ref-type="table-fn"} placed in round window niche.3**Ventilation tube** placement for drug **instillation** in the form of ear drops.4Placement of **Silverstein MicroWick and Round Window Microcatheter** for sustained drug delivery.[b](#tbl2fnb){ref-type="table-fn"}[^1][^2]

IT injections (using a 22 to 27-gauge spinal needle) remain the most convenient and commonest method used. Various concentrations of the drug solutions have been used including dexamethasone (dexa) 4 mg/ml, 5 mg/ml, 10 mg/ml, 24 mg/ml, and 40 mg/ml; prednisolone (62.5 mg/ml)([@bib28]); and methylprednisolone 30 mg/ml, 40 mg/ml, 62.5 mg/ml, and 80 mg/ml; with 0.4--0.8 ml solution being deposited intratympanically every day (for up to eight sessions), every other day, three times a week, twice a week, to weekly injections for 3--4 sessions([@bib25]; [@bib30]). No single protocol has been found to be superior to another, and the treatment preference is largely influenced by surgeon and institutional policies, and the local availability of the steroid preparation([@bib61]). Maximum recovery rates with IT steroid therapy has been reported by [@bib28], who reported improvement in 91% of the patients, however, it was a retrospective study, and no control arm was included. The outcomes of studies with a higher level of evidence are discussed subsequently.

Intratympanic drug instillation can be carried out in the following three scenarios:•Primary therapy•Adjuvant/combination therapy•Salvage/sequential therapy

In view of the heterogeneity of the study protocols as well as criteria to define and classify the recovery, the conclusions are difficulty to consolidate regarding the optimal steroid delivery methods. The non-inferiority RCT by Rauch and colleagues, comparing Oral steroids and IT steroids for patients presenting within two weeks of onset of SSNHL concluded that the IT route was not inferior to the oral route of drug delivery([@bib57]). A recent meta-analysis revealed that there was no statistically significant difference in the recovery parameters obtained using IT steroid (alone) or oral/systemic therapy (alone)([@bib39]). Similar results have been reported by other authors comparing IT dexa with oral steroid as primary therapy for SSNHL([@bib21]; [@bib26]; [@bib32]; [@bib44]). Kosyakov et al.("Kosyakov S, Atanesyan A, Gunenkov A, Ashkhatunyan E, Kurlova A. Intratympanic steroids for sudden sensorineural hearing loss. Int Adv Otol. [@bib38]; 7:323--32.," n.d.) studied the effect of long term administration of the intratympanic steroids (over six months using grommet), and concluded that the long term use of IT steroids led to a statistically significant recovery compared to standard short course intravenous steroid therapy. [@bib35] showed that the mean hearing improvement and the proportion of the patients with \>10 dB hearing improvement was statistically higher in the patients who received IT dexa compared to IV dexa therapy. The systemic reviews by [@bib65] and by Spear and Schwartz([@bib61]) concluded that IT steroid therapy is effective in both primary and salvage settings. Given as primary treatment, IT therapy was at least as effective as the oral therapy and the benefits in the salvage setting were potentially additive to the benefits of primary oral treatment. However, no clear consensus could be made regarding the superiority of combined oral and Intratympanic treatment. The study by [@bib4], showed that the combined IT and oral steroid therapy was superior to the oral therapy alone, in terms of word recognition scores, however, the results were not statistically different between the oral alone and IT alone arms, and the study had to be prematurely terminated in view of poor patient recruitment. [@bib1] concluded that addition of IT dexa to oral corticosteroids does not result in superior outcome compared to oral therapy alone.

Given the low risk of side effects and complications (local pain, transient vertigo, small risk of otitis media and tympanic membrane perforation), and non-inferiority of the IT steroid instillation compared with the systemic route, the former has clear advantages and favorable applicability compared to the systemic route. Combination therapy (with IT and systemic steroids) does not appear to be superior to single modality treatment.

2.3. Other treatment modalities {#sec2.3}
-------------------------------

The combination of steroids with antivirals has been shown to be non-superior to oral steroids alone in multiple RCTs([@bib63]; [@bib68]) and by a Cochrane review([@bib3]), and hence, antivirals are not routinely prescribed for ISSNHL.

*Hyperbaric oxygen therapy (HBOT)* has been used with the intent to increase oxygen supply to the possibly ischemic cochlear structures in SSNHL. A Cochrane review performed in 2012 identified seven RCTs evaluating the role of HBOT in SSNHL. It was inferred that five patients of SSNHL will need to be treated with HBOT to bring about 25% hearing improvement in one patient. The methodological limitations of these trials made the authors warn about interpreting the results with caution([@bib6]). Another RCT by Cekin et al. did not show any statistical significant benefits of HBOT in treating SSNHL([@bib11]). The possible benefits of HBOT need to be weighed against availability, cost constraints and side effects associated with the therapy. AAO-HNS recommends HBOT as an optional therapy to be used within three months of onset of SNHL([@bib62]). A recent meta-analysis including three RCTs and 16 nonrandomized studies, pooling 2401 patients, revealed that compared to medical therapy alone, HBOT combined with medical therapy may be more efficacious for the patients:1)treated in a salvage setting,2)with severe to profound (≥70 dB HL) hearing loss,3)treated for a total treatment duration of at least 1200 min([@bib58]).

A myriads of other therapies have been used to treat ISSNHL including volume expanders, vasodilators and vasoactive substances (including carbogen therapy, calcium channel blockers, pentoxifyllin, prostaglandin E1, naftidrofuryl), thrombolytics, antioxidants, histamines, magnesium, diuretics, intravenous diatrizoate and herbal remedies. In view of either the lack of apt evidence base, or evidence against the use of these modalities, their use is not supported by literature([@bib7]; [@bib17], [@bib18]; [@bib41]).

Keeping in mind the lack of unequivocal efficacy of the available agents, a search for newer agents with definite evidence of efficacy is still on. [@bib48] described topical instillation of *Insulin like growth factor-1 (IGF-1)* using gelatin hydrogel into the middle ear in the patients refractory to systemic steroids. The hearing recovery (overall 11.9 dB over five frequencies; 0.25, 0.5, 1, 2 and 4 kHz) was significant at low frequencies but not at high frequency and the level of improvement was not superior to the results of IT steroid application mentioned in the literature.

*RWN Drilling and steroid instillation* has been proposed to be advantageous over IT delivery by maximizing the inner ear drug delivery. [@bib59] carried out the drilling of the round window niche (RWN) via a posterior tympanotomy window to maximise the drug-round window membrane (RWM) contact area for effective drug diffusion into the inner ear, for the patients failed on systemic intravenous and injectable IT steroid therapy. They suggested that the removal of the false RWM and an increase of the absolute area of exposure would lead to more uniform and meaningful delivery of the steroid to the inner ear ([Fig. 3](#fig3){ref-type="fig"}). Statistically significant hearing improvement was observed in the patients in whom the intratympanic steroid injection was performed after drilling of the RWN compared to the control group (mean improvement of 20.38 dB and 2.11 dB, respectively; *P* = 0.019).Fig. 3Cadaveric temporal bone dissection showing the exposure of round window niche via posterior tympanotomy in a left sided temporal bone. (A) False round window membrane (*black arrow*) obscuring the view of true round window membrane. (B) Removal of false membrane reveals the true membrane (*white arrow*) located deep in the round window niche. (*Inset shows the region of the dissected temporal bone {shaded rectangle} shown as magnified image in panel A and B; 1-Vertical part of facial nerve; 2-Chorda Tympani; 3-Pyramidal Process*; *original magnification X25*).Fig. 3

2.4. Neuro-rehabilitation therapy {#sec2.4}
---------------------------------

Neuroplasticity targeted interventions are emerging as a potentially effective, safe and economic adjunct therapeutic strategy for the treatment of SSNHL. The evidence base at present, however, is limited([@bib45]; [@bib54]). Constraint induced sound therapy (CIST), as proposed by Okamoto et al., explores the effect of sound deprivation (constraint) in the normal ear along with musical stimulation (sound therapy) to the effected ear. The therapy aims at preventing/reversing the maladaptive auditory cortex reorganization occurring as a result of unilateral sudden SNHL. The authors administered CIST in addition to the gold standard treatment with systemic steroids to a subset of their cohort with hearing loss ≤50 dB presenting within five days of onset of hearing loss. Compared to the subjects who received only steroid therapy, the subjects treated with CIST as an add on therapy demonstrated statistically significant improvement in the final hearing recovery at a mean follow up of 63 days. Further studies employing randomized methodology are awaited to substantiate the utility of neuro-rehabilitative strategy for these patients.

2.5. Prognostic factors {#sec2.5}
-----------------------

In general, up to 65% of the patients recover hearing to varying extent. The various factors related to the likelihood of the recovery are as follows:1.*Age* -- has been the most consistent adverse factor, with the elderly patients having significantly lower rates of recovery([@bib8]; [@bib27]; [@bib51]; [@bib69]; [@bib70]).2.*Associated features* -- Presence of *vertigo* has been reported in some studies to be associated with poor prognosis([@bib5]; [@bib8]; [@bib12]; [@bib33]). However, it has not been a universal observation([@bib27]; [@bib51]; [@bib70]). Tinnitus has been reported as a good([@bib20]), bad([@bib5]), and neutral([@bib12]) prognostic factor in various studies.3.*Duration* of hearing loss -- The patients presenting to the physician within a week are more likely to have a better recovery rate compared to the late presenters([@bib8]; [@bib27]; [@bib51]; [@bib70]). This occurrence may not be related to early onset of treatment, but rather to the fact that a longer duration of hearing loss lessens the chances of recovery.4.*Severity* of hearing loss at presentation -- the patients presenting with profound hearing loss have a significantly lesser probability of recovery than the patients presenting with milder hearing loss([@bib8]; [@bib40]).5.*Pattern* of hearing loss -- Among the patients with a mild-severe degree of hearing loss, the prospects of hearing recovery are lesser for the flat audiogram configuration. For the non-flat configuration, an ascending audiogram has a better prognosis than the descending type([@bib12]; [@bib33]; [@bib46]; [@bib51]; [@bib70]).6.Systemic *comorbidities* -- the presence of diabetes mellitus, hyperlipidemia and hypertension have been variably associated with a poorer outcome in various studies([@bib9]; [@bib14]).Metabolic syndrome has been documented to be an independent risk factor for SSNHL([@bib15]). The rate of recovery has been shown to be lower in patients with metabolic syndrome, with poorer results associated with four or more features of the syndrome([@bib34]).

3. Conclusion {#sec3}
=============

•ISSNHL may recover spontaneously in up to 65% of the patients.•Work up for SSNHL must include CE-MRI of brain with especial emphasis on CP angle, IAC and inner ear. Investigations for specific infective etiologies (Syphilis, Lyme disease) should be directed as per individual risk assessment and epidemiologic profile.•In the absence of adequate evidence favoring high dose steroid therapy, the standard dose oral steroid regimen (1 mg/kg/day for 7--10 days followed by tapering) continues as the routinely prescribed therapeutic regimen for ISSNHL worldwide. An early intervention, preferably within two weeks carries a favorable prognostication in terms of hearing recovery.•In a treatment naïve patient with contraindications to the use of systemic steroids, intratympanic therapy remains the treatment of choice. Patients with inadequate benefits with systemic treatment should be treated with salvage intratympanic therapy.•HBOT may be prescribed for a patient presenting within three months of onset of SNHL after explaining about limited evidence and cost/side effect issues. Use of antivirals, rheological agents, vasoactive substances, antioxidants and other therapies is not recommended.
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